In the race to decrease the well-to-wheels fuel consumption and improve environmental stewardship, automakers and researchers worldwide have moved to electrify the vehicle powertrain for personal and public transportation. The Center for Research in Transportation Technologies at Makerere University is exploring electric vehicle transportation technology as a plausible solution to traffic issues in Uganda's urban centers and cities. Electric vehicle transportation in Africa's cities is a practical solution due to the fact that most of these cities are on a relatively small area; distances involved are small. This paper presents the technical, operational and functional aspects that were considered in the design of the KAYOOLA Electric City Bus, which has a drive cycle that suits the public transport system in Kampala City in Uganda. Since Battery Electric Vehicles have specific on-board energy, the powertrain for the KAYOOLA electric city bus was designed following the specific road-load requirements of typical city drive cycle from data obtained from actual road measurements in Kampala city. For range extension, Onboard solar charging is incorporated. To accurately predict performance, Autonomie-Modeling and simulation tool kit for light and heavy duty vehicles developed by Argonne National Laboratory was used to model and simulate the entire powertrain, noting effects of the grades, range, speed and drive cycles on the battery SOC and voltage. Design iterations are made to meet performance targets. This approach was employed to reduce time between concept development and prototyping while maximizing efficiency. The results shall inform the integration of key powertrain technologies into the KAYOOLA Electric City Bus.
Introduction
The successful completion of KIIRA EV [1] prototype in November 2011 by the Center for Research in Transportation Technologies (CRTT) at Makerere University paved the way for the development of an Electric City Bus, the KAYOOLA (Fig. 1) . The design intent for the KAYOOLA Electric City Bus envisages the integration of on-board solar charging for range extension. While most Ugandans would enjoy driving in electric cars, few people can afford to own a car. It is imperative to note that road transport in Uganda, though not fully developed, contributes to over 95 % of Uganda's transportation means [3] . The KAYOOLA City Bus Project is a pioneer intervention aimed at addressing the urban transportation needs of Uganda with technology enhancing improved environmental stewardship. The Case Study Kampala, is a city located on seven hills; Rubaga, Namirembe, Makerere, Kololo, Kibuli, Kampala, and Mulago. This presents a unique road-load requirement for the bus in terms of gradeability, speed, range and drive cycle. This was the motivation for the implementation of a custom powertrain pulling market tested EV technology.
Building prototypes and hardware using traditional vehicle design paradigms is costly [4] .
To reduce costs and improve time to market, it is imperative that greater emphasis be placed on modeling and simulation [5] .The use of Model Based Engineering for development of electric vehicles and trucks has been proven [6] [7] [8] .
The automotive development process for the KAYOOLA Electric City Bus was based on an iterative component sizing process [9] .
Autonomie, a Modeling and simulation tool kit for light and heavy duty vehicles developed by Argonne National Laboratory [5] 
Vehicle Definition
Typical vehicle powertrain sizing parameters were established through a benchmarking process of production class 6 medium duty electric buses and trucks. Linear extrapolation based on the Vehicle Gross Vehicle Weight (GVW) was used to estimate the logical requirements summarized in the Table 1 . The architecture developed is that of a purely BEV as shown in in Fig. 2 . On-board charging is by solar and regenerative braking [4] .
It is envisaged that the abundance of solar energy in Uganda can contribute significantly to range extension.
Drive Cycle Requirements
To meet the all-electric range (AER) requirements, the battery is sized to follow specific driving cycle [10] .Though standard Environmental Protection agency (EPA) drive cycles based on the Kansas city drive tests were used, a specific Kampala drive cycle was also developed as a means of testing the extent to which the developed concept satisfies the road conditions in Kampala city. To design a drive profile for the envisaged powertrain, a case study route in Kampala was taken. Gradeability measurements were taken for major grades using standard surveying methods. Vehicle speed on a second by second basis was used to develop the speed profile of the drive cycle. Fig. 3 shows the drive cycle developed in Autonomie. Table 2 shows the driving characteristics of the case study route. The specific cycle is characterized by stop and go scenarios with low average speeds. 
System Models
In Autonomie; driver, environment, vehicle propulsion architecture (vpa), power converter, electrical accessories, final drive, motor drive, torque coupling, gearbox, chassis and wheel plant and controller reusable models in Fig. 5 and Fig. 6 and Table 4 were used to realize the KAYOOLA Electric City Bus. 
Acceleration Test
Based on Table 5 results, the two vehicle models clearly do not achieve the target acceleration of Table 2 .
The Vehicle model with a gearbox is capable of achieving a higher acceleration and also travels a longer distance within the given timeframe of 40 s. As already evidenced by the change in SOC, this higher acceleration value and higher mileage results into a higher energy demand and battery consumption. Both vehicles are capable of reaching the speed mark of 60 mph/97 km/hr which satisfies the speed requirement set in Table   1 . 
Gradeability Test
The Kampala ring road drive cycle in Fig. 3 is characterized by a maximum grade of 7.9 %.
Initial requirements are set for the bus to do such a grade at a maximum speed of 30 km/hr. gradeability simulations are performed at this speed In Table 6 , clearly the two vehicles fall short of the expected gradeability of 7.9 % at 30 km/hr.
The best gradeability achieved at this speed is with a multi-gear box in the vehicle powertrain.
Simulation performed using the powertrain architecture with a gear box reveal that the bus can do a grade of up to 10.02% at a speed of 1 km/hr. With better gearing ratios, this can be improved.
It should be observed that the overall vehicle gradeability requirement is set at 14.3 % . It is envisaged that the vehicle shall be able to do such a grade at relatively lower speeds than 30 km/hr.
Since gradeability tests are performed on a vehicle starting from rest, the expected performance results of an already mobile bus are expected to be better. 
Drive Cycle Test Runs
The KAYOOLA Electric City Bus powertrain is designed to have an all electric range capable of traversing the city cycle developed in Fig. 3 for at braking, up to 9.9 kWh of energy is recovered at the battery. In Table 3 , theoretical calculations
show that up to 9 kWh of energy can be harvested through solar charging in a single full sun day.
Regenerative braking and solar can contribute an equal amount of energy to the battery bank which results into a range extension of up to 12 km from each. 
Conclusion
This paper has presented a simulation of a 
